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Objective: To determine the influence of digital clubbing on oxygen saturation by pulse oximetry measurements (SpO2) in Cystic Fibrosis
patients.
Background: Measuring the arterial oxygen saturation at the fingertip by pulse-oximetry is commonly used in the management of CF
patients. In these patients, clinical signs of hyperoxia are often observed with oxygen supplies based on digital oximetry readings. This
suggests inaccuracies in the digital measurement method, which in its turn may be caused by digital clubbing. In order to study the influence
of digital clubbing, measurements between fingertip and forehead sensor were compared in a clubbing and non-clubbing CF-population. The
ear sensor measurements are used as a reference variable.
Methods: Two groups were examined. Group 1 consisted of 50 CF patients without digital clubbing (DPD/IPD ratio<1.00). Group 2
consisted of 50 CF patients with digital clubbing (DPD/ IPD ratio>1.00). Patients were measured at rest before any treatment and with
their daily oxygen supply, if applicable. Saturation was simultaneously measured with three Criticare SpO2 T pulse oximeters, using a
fingertip sensor at the right index (transmission oximetry), a forehead sensor at the forehead (reflectance oximetry) and an ear sensor at
the right ear.
Results: Using the Bland and Altman method no clear difference was found between the saturation measurements of right ear versus
forehead sensor in the two groups. When the measurements of right ear versus fingertip sensor are compared there is still no difference for the
non-clubbing group. On the contrary, for the clubbing group lower saturation scores were measured by the fingertip probe compared to the
right ear measurement. The differences in saturation became greater as the saturation value at fingertip was lower.
Conclusion: Digital clubbing significantly influences the registrations of the SpO2 measurements by means of a fingertip probe,
underestimating the saturation. It can be advised to use the ear sensor as good alternative for these patients.
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Measuring the arterial oxygen saturation (SaO2) by pulse-
oximetry (SpO2), using a fingertip sensor is commonly used
in the management of CF patients. Transmission pulse-
oximetry is a non-invasive, accurate and simple means of1569-1993/$ - see front matter D 2006 European Cystic Fibrosis Society. Publish
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(F. Van Ginderdeuren).monitoring oxygenation, but this technique has some
drawbacks:
It can fail in accuracy when low arterial oxygen perfusion
occurs [1–4]. It is sensitive to mechanical artefacts caused
by movement of the sensor [5–9]. However, new pulse
oximeter designs, using the signal extraction technology
(SET), have been demonstrated to improve performance
during low perfusion states and patient motion [10–12].
Oxygen saturation results determined by pulse-oximeters of
different brands are often not identical [13].5 (2006) 125 – 128ed by Elsevier B.V. All rights reserved.
Table1
Results for SpO2 in CF patients for the group without (1) and with digital
clubbing (2)
Variable Number of
patients
Mean
SpO2 in %
SD Kolmogorov–
Smirnov Z
Forehead (1) 50 96.60 1.58 1.19
Right index (1) 50 96.50 1.54 1.18
Ear (1) 50 96.56 1.58 1.12
Forehead (2) 50 96.72 1.50 1.02
Right index (2) 50 93.18 2.43 0.89
Ear (2) 50 96.66 1.45 1.10
p <0.01. Test division is normal.
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F. Van Ginderdeuren et al. / Journal of Cystic Fibrosis 5 (2006) 125–128126Reflectance pulse oximetry is also used for estimating
arterial oxygen saturation. Forehead pulse oximetry and
monitoring the fetus during labour are examples of this.
But literature generally shows that this technique is much
more susceptible to all kinds of physiological variations
than the well-established transmission pulse oximetry
[14–16].
Studies, in which the location of the sensor in relation to
determine SpO2 measurements is questioned, are scarce
[14,17,18]. Moreover, artefacts induced by digital clubbing
have never been described.
Digital clubbing is a bulbous enlargement of connec-
tive tissue within the dorsal surface of the terminal
phalanges of the fingers and toes. The association of
digital clubbing with diseases of the chest and abdomen is
recognized [19]. Nevertheless, the pathophysiological
mechanisms leading to digital clubbing remain obscure
and there is no unifying hypothesis that explains the
occurrence of digital clubbing in CF, whereas the correla-
tion between digital clubbing and pulmonary function alte-
rations (hypoxemia, decreased FEV1, hyperinflation and
non-uniform distribution of ventilation) has been described
[20,21].
The aim of this study is to investigate the influence of
digital clubbing on oxygen measurements. The measure-
ments are obtained, using a fingertip sensor at the right
index (example of the transmission pulse oximetry) and a
multi-site sensor at the forehead (example of the reflectance
pulse oximetry). Finally an ear sensor at the right ear
(transmission pulse oximetry) is applied for having a
reference variable in comparison with the other two
measurements.-10
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Fig. 1. Bland and Altman method: comparison between ear sensor and
forehead sensor.2. Subjects, materials and methods
One hundred CF patients were studied at the Cystic
Fibrosis Centre. Oral informed consent was obtained of all
patients included in this study.
The patients were examined and divided into two groups.
The distal phalangeal depth (DPD) of the finger at the nail
base and the interphalangeal depth (IPD) were measured
using a Harpenden skin fold calliper (British Indicators,
Manchester, England). In order to assess the degree ofclubbing, the DPD/ IPD ratio was calculated. This ratio was
previously found to be a reliable index for the assessment of
digital clubbing. A DPD/ IPD ratio>1.00 is defined as
digital clubbing, while a DPD/ IPD ratio<1 is defined as
normal [20–24].
Group 1 consisted of 50 CF patients without digital
clubbing, group 2 consisted of 50 CF patients with marked
digital clubbing.
Oxygen saturation was simultaneously measured with
three Criticare Systems Inc 503 SpO2 T pulse oximeters
with a standard error T1% (by Criticare Systems Inc
International, 6380 Bad Homburg, Germany). Measure-
ments were obtained at rest before any treatment and with
patient’s daily oxygen supply, if necessary. Measurements
were done, using a 511SD fingertip sensor at the right index,
a 516 multi-site sensor at the forehead and one at the right
ear simultaneously. All measurements were compared with
the Bland and Altman method [22] using the right ear sensor
as a reference variable.
The study was approved by the ethics Committee (O.G.
016) of our university hospital (AZ-VUB) with the
identification number (2004/172IC).
2.1. Data analyses
The one-sample Kolmogorov–Smirnov Test was used to
check normal division of the measurements, while the Bland
and Altman method was applied to compare the different
measuring methods for the oxygen saturation.3. Results
Median age of group 1 was 14.6 years (range: 7–22
years), mean baseline was for VC=96.9%, FEV1=90.1%,
MEF25=73.7% of the predicted values. Mean DPD/IPD
ratio=0.88 (range: 0.83–0.93). Median age of group 2 was
19.1 years (range: 10–33 years), mean baseline was for
VC=68.6%, FEV1=49.2%, MEF 25=20.6% of the predicted
values. Mean DPD/ IPD ratio=1.08 (range: 1.06–1.15).
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Fig. 2. Bland and Altman method: comparison between ear sensor and
fingertip sensor.
F. Van Ginderdeuren et al. / Journal of Cystic Fibrosis 5 (2006) 125–128 127The one-sample Kolmogorov–Smirnov test showed that
the SpO2 measurements of forehead, ear and right index in
group 1 (without clubbing) as well as in group 2 (with
clubbing) are normally distributed. Results are shown in
Table 1.
Using the Bland and Altman method (Figs. 1 and 2), no
clear difference was found between the SpO2 measurements
of right ear versus forehead sensor (Fig. 1). The trend line
cannot be distinguished from the x-axis.
The two figures have the same scale. Fig. 2 shows for the
non-clubbing group a trend line, which again cannot be
distinguished from the x-axis when the measurements of
right ear versus fingertip sensor are compared. On the
contrary, for the clubbing group a very clear trend line is
seen. Even the removal of the outliner essentially provided
the same result. The dotted line indicates the standard
deviation (T2 SD) of the difference in percentage saturation.
The trend line shows also that the difference in saturation
becomes greater as the saturation measurement at fingertip
is lower.
This can confirm that there is a significant difference in
measuring oxygen saturation at the right fingertip in contrast
to the measurement at the right ear of CF-patients with
clubbing.4. Discussion
In this study we found evidence of a clear difference in
oxygen saturation measured by pulse-oximetry between
measurements of the right index and the forehead in CF
patients with digital clubbing. No differences were found in
CF patients without digital clubbing.
Ideally, we could also have looked for a correlation
between the degree of digital clubbing and the difference in
oxygen saturation, measured at the forehead and the right
index. Therefore we should have measured the DPD/ IPD
ratio by making a solid plaster cast of the right index of each
patient and measuring the distal phalangeal depth and
interphalangeal depth with a micrometer [23]. However thiswas considered to be inconvenient and very time consuming
to the CF patients at that time. Therefore we used the skin
fold calliper, giving us an immediate, but less sensitive
indication of the degree of digital clubbing.
Arterial blood gasses measured after arterial needle
puncture remain the gold standard for assessing arterial
oxygenation. However this method is invasive and difficult
to repeat frequently, especially in young or very ill patients.
Therefore a non-invasive and practical method in the CF
patients’ daily treatment, such as ear sensor measurement
must be preferred as reference variable.
The present study showed no difference between the
results obtained from the reflectance oximetry measured at
the forehead and those from the transmission oximetry,
measured at the ear. On the contrary, in literature the
reflectance oximetry method is considered as less accurate
and reliable [15,16,18].
This study reveals the ignored fact that digital clubbing
compromises significantly the registration of the SpO2 on
the extremities, with underestimation of the saturation.
Adjusting the oxygen level by administrating oxygen, based
on the SpO2 measurements at the extremities in CF patients
with digital clubbing, can result in an excessive oxygen
supply, leading to CO2 retention.
There are several theories regarding the pathophysiology
of digital clubbing in various diseases such as neural,
vascular and hormonal mechanisms, but none of them
provide a unifying explanation. Digital clubbing is a result
of hypertrophy of connective tissues and increased vascu-
larity of the distal phalanges Most recent knowledge
suggests that clubbing develops due to the presence of a
bioactive substance in the systemic circulation, which is
either overproduced or poorly eliminated by the affected
organ [24]. Based upon these findings a perfusion problem
at the peripheral site can be a presumable explanation for
our results.5. Conclusion
We’ve noticed a possible underestimation of saturation as
measured at fingertip in CF-patients with marked digital
clubbing. We recommend that oxygen saturation should be
measured by transmission pulse-oximetry with a multi-site
ear sensor in patients with digital clubbing.References
[1] Perkins GD, McAuley DF, Giles S, Routledge H, Gao F. Do changes
in pulse oximeter oxygen saturation predict equivalent changes in
arterial oxygen saturation? Crit Care 2003;7(4):67–71.
[2] Lebecque P, Shango P, Stijns M, Vliers A, Coates AL. Pulse oximetry
versus measured arterial oxygen saturation: a comparison of the
Nellcor N100 and the Biox III. Pediatr Pulmonol 1991;10(2):132–5.
[3] Mengelkoch LJ, Martin D, Lawler J. A review of the principles of
pulse oximetry and accuracy of pulse oximeter estimates during
exercise. Phys Ther 1994;74(1):40–9.
F. Van Ginderdeuren et al. / Journal of Cystic Fibrosis 5 (2006) 125–128128[4] Poets CF, Southall DP. Non-invasive monitoring of oxygenation in
infants and children: practical considerations and areas of concern.
Pediatrics 1994;93(5):737–46.
[5] Meyts I, Van Reempts P, De Boeck K. Monitoring of haemoglobin
oxygen saturation in healthy infants using a new generation pulse
oximeter which takes motion artefacts into account. Eur J Pediatr
2002;161(12):653–5.
[6] Moyle JT. Uses and abuses of pulse oximetry. Arch Dis Childhood
1996;74(1):77–80.
[7] Plummer JL, Zakaria AZ, Ilsley AH, Fronsko RR, Owen H.
Evaluation of the influence of movement on saturation readings from
pulse oximeters. Anaesthesia 1995;50(5):423–6.
[8] Orenstein DM, Curtis SE, Nixon PA, Hartigan ER. Accuracy of three
pulse oximeters during exercise and hypoxemia in patients with cystic
fibrosis. Chest 1993;104(4):1187–90.
[9] Iyriboz Y, Powers S, Morrow J, Ayers D, Landry G. Accuracy of pulse
oximeters in estimating heart rate at rest and during exercise. Br J
Sports Med 1991;25(3):162–4.
[10] Salyer JW. Neonatal and pediatric pulse oximetry. Respir Care
2003;48(4):386–97.
[11] Barker SJ. ‘‘Motion-resistant’’ pulse oximetry: a comparison of new
and old models. Anesth Analg 2002;95(4):967–72.
[12] Sahni R, Gupta A, Ohira-Kist K, Rosen TS. Motion resistant pulse
oximeters in neonates. Arch Dis Child Fetal Neonatal Ed 2003;88(6):
F505–8.
[13] Thilo EH, Andersen D, Wasserstein ML, Schmidt J, Luckey D.
Saturation by pulse oximetry: comparison of the results obtained by
instruments of different brands. J Pediatr 1993;122(4):620–6.
[14] Jorgensen JS, Schmid ER, Konig V, Faisst K, Huch A, Huch R.
Limitations of forehead pulse oximetry. J Clin Monit 1995;11(4):
253–6.[15] Nijland R, Jongsma HW, Nijhuis JG, Oeseburg B. Accuracy of fetal
pulse oximetry and pitfalls in measurements. Eur J Ostet Gynecol
Repro Biol 1997;72:S21–7 [Suppl].
[16] Luttkus AK, Dudenhausen JW. Fetal pulse oximetry. Curr Opin Obstet
Gynecol 1998;10(6):481–6.
[17] Nijland R, Jongsma HW, Van den Berg PP, Nijhuis JG, Oeseburg B.
The effect of pulsating arteries on reflectance pulse oximetry:
measurements in adults and neonates. J Clin Monit 1995;11(2):
118–22.
[18] Dassel AC, Graaff R, Aardema M, Zijlstra WG, Aardnoudse JG.
Effect of location of the sensor on reflectance pulse oximetry. Br J
Obstet Gynecol 1997;104(8):910–6.
[19] Hansen-Flaschen J, Nordberg J. Clubbing and hypertrophic osteo-
arthropathy. Clin Chest Med 1987;8:287–98.
[20] Nakamura CT, Ng GY, Paton JY, Keens TG, Witmer JC, Bautista DB,
et al. Correlation between digital clubbing and pulmonary function in
cystic fibrosis. Pediatr Pulmonol 2002;33(5):332–8.
[21] Paton JY, Bautista DB, Stabile MW, Waldman AE, Nassar AG,
Platzkze ACG, et al. Digital clubbing and pulmonary function
abnormalities in children with lung disease. Pediatr Pulmonol 1991;
10:25–9.
[22] Bland JM, Altman DG. Statistical methods for assessing agreement
between two methods of clinical measurement. Lancet 1986;1(8476):
307–10.
[23] Waring WW, Wilkinson RW, Wiebe RA, Faul BC, Hilman BC.
Quantitation of digital clubbing in children. Am Rev Respir Dis
1971;104:166–73.
[24] Augarten A, Goldman R, Laufer J, Szeinberg A, Efrati O, Barak A,
et al. Reversal of digital clubbing after lung transplantation in cystic
fibrosis patients. Pediatr Pulmonol 2002;34:378–80.
